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THROTTLE CONTROL IN INTERNAL COMBUSTION ENGINE FOR NOISE REDUCTION 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention generaUy relates to throttle control in an internal 
combustion engine. More specifically, it relates to throttle system and method enabling 
reduction of air-flow noise occurring in response to changes in the amount of the throtfle 
opening. 



2. Description of the Related Art 

[0002] As is widely known, the quantity of air supplied to an internal combustion 
engine (will be referred to as "engine" where appropriate) is adjusted at a throttle valve 
provided in an intake passage of the engine. When the throtUe valve quickly opens, it 
disturbs the flow of air so that the air starts swirling. Such swirl airflow may sometime 
cause specific noise (will be refereed to as "throttle inflow noise"). Meanwhile, an intake 
manifold forms one portion of the intake passage, and it is known that a resin-made 
intake manifold is now increasmgly used. Such a resin intake manifold, however, 
inevitably aUows the above-stated throttle inflow noise to be easily propagated or emit to 
the 3:itside. 

[0003] To counter this, for example, a known method provides a net or plate in the 
intake passage to regulate the flow of air downstream of the tiirottle valve and thereby 
reduce throtUe inflow noise. However, this method involves drawbacks of reduced engine 
outpBt due to increased air resistance within the intake passage, increased weight, 
increased production cost, etc. Also, this method is not effective enough to reduce the 
throtfic inflow noise when a resin made intake manifold is used for the reason already 
mentioned. 

t'JWJ4j In view of the above, another method has been proposed which reduces 
throttle inflow noise by limiting a rate at which the throttle valve opens (wiU be referred 
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to as "throtde opening rate") below a specific limit rate under given conditions so that the 
throttle valve opens relatively slowly (see Japanese Laid-opened Patent Application No. 
2001-98958. No. 2001-234758). For example, Japanese Laid-opened Patent AppUcation 
No. 2001-98958 proposes opening the throttle valve at a lower rate when the throtfle 
angle is smaller than a specific value. 

[0005] Although it is true that the throtde inflow noise can be reduced by opening 
the throttle valve at a reduced rate as described above, lowering the throtde opening rate 
may deteriorate the controllability of the engine output. 



SUMMARY OF THE INVENTION 

[OOOq In view of the above situation, the present invention has been made to provide 
a throtde system and tiirottie control method for an internal combustion engine enabling 
reducing throtde inflow noise caused by the throttle valve being opened while 
minimizing deterioration of the controllability of the engine output. 

[0007] To achieve die above object, a first aspect of the invention relates to a ftrotfle 
system for an internal combustion engine including a tiirottie valve, accelerating means 
operated by an operator to adjust an engine output of the internal combustion engine, and 
throtfle valve controlling means for contrc41iag die tiirottie valve to open in accordance 
witii die manner in which die accdicnxtl&g means has been operated. The tiirottie valve 
controlling means is adapted to execute under given conditions a tiirottie opening rate 
limitation limiting a tiuottie opening rate at which die tiirottie valve is opened, below a 
limit opening rate. This tiirottie system also includes engine speed detecting means for 
detecting an engine speed of die internal combustion engine, and die tiirottie valve 
controlling means prohibits die tiirottie opening rate limitation if tiie engine speed 
detected via die engine speed detecting means at starting opening ttie throttie valve is 
above a prescribed engine speed. 

[0008] A research of tiie inventors has revealed tiiat tiirottie inflow noise does not 
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occur unless the throttle valve quickly opens where the engine speed is lower than a 
specific speed. Therefore, the throttle system of the first aspect has the foregoing 
structure to avoid the throttle opening rate being unnecessary limited when no or ahnost 
no throttle inflow noise is likely to occur. Thus, it is possible to reduce throttle inflow 
noise advantageously while minimizing deterioration of the controllability of the engine 
output. 

[0009] In another form of the invention, it is preferable that engine torque detecting 
means for detecting engine torque of the internal combustion engine be provided, and that 
the ftrotde valve controlling means be further adapted to prohibit the throttle opening 
rate limitation if the engine torque detected via the engine torque detecting means at 
starting opening the throtfle valve is above a prescribed engine torque. 

[0010] The research of the inventors also revealed that throttle inflow noise does not 
occur unless the throttte valve quickly opens where the magnitude of the engine torque is 
lower than a certain level. Therefore, the foregoing structure of the throttle system 
improves the reliabiUty in avoiding the throttle opening rate being unnecessary limited 
when no or almost no throttle inflow noise is likely to occur, and this leads to a further 
improvement in the effect of reducing throttle inflow noise while minimizing 
deterioration of the controllability of the engine output. 

[0011] In another form of the invention, it is preferable that throttle opening amount 
detecting means for detecting an opening amount of the throtde valve be provided, and 
that the throtfle valve controlling means be further adapted to prohibit die throttte 
opening rate limitation if the opening amount of the dirottte valve detected via the throttte 
opening amount detecting means at starting opening die dirottte valve is above a 
prescribed opening amount. 

[0012] As aforementioned, ttirottte inflow noise does not occur unless flie ttirottte 
valve quickly opens where tfie engine torque is below a certain level, and it is possible, as 
is widely known, to determine ttie magnimde of ttie engine torque based on ttie opening 
amount of the ttirottle valve. Therefore, ttie foregoing structure of ttie ttirottte system 
further improves flie reliability in avoiding ttie ttirottte opening rate being unnecessary 
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limited when no or almost no throttle inflow noise is likely to occur, and this leads to a 
further improvement in the effect of reducing throttte inflow noise while minimizing 
deterioration of the controllability of the engine ou^ut. 

[0013] In another form of the invention, it is preferable that the throttle valve 
controlling means be further adapted to (I) determine based on the manner in which the 
accelerating means has been operated whether the throttle valve is required to open 
quickly and (ii) prohibit the throttle opening rate hmitation if the throttle valve is not 
required to open quickly. 

[0014] Throttle inflow noise does not occur unless the throtfle valve opens at a rate 
higher than a certain level. Therefore, the foregoing structure of the throttle system 
further improves the reUability in avoiding the throttle opening rate being unnecessary 
limited when no or ahnost no throtfle inflow noise is likely to occur, and this leads to a 
further improvement in the effect of reducing throttle inflow noise while minimizing 
deterioration of the controllability of the engine output. 

[0015] In another form of the invention, it is preferable that the throttle controUer be 
further adapted to (i) determine a target throttle-open amount by which the throtUe valve 
is required to open and a target throttte opening rate at which ttie ttirottte valve is required 
to open based on ttie manner in which the accelerating means has been operated, and (ii) 
prohibit ttie ttirottte opening rate limitation if ttie target ttu-ottte-open amount is below a 
prescribed tturottte-open amount or if ttie target tturottte opening rate is below a prescribed 
opening rate. 

[OOiq It is not necessary to execute ttie ttirottte opening rate limitation if ttie ttirottte 
body is not required to open quickly Therefore, ttie foregoing structure of ttie ttu-ottle 
system further improves tiie reliabiUty in avoiding ttie ttirottte opening rate being 
unnecessary limited when no or ahnost no ttirottte inflow noise is likely to occur, and ttiis 
leads to a further improvement in ttie effect of reducing tturottte inflow noise while 
minimizing deterioration of the controllability of the engine output. 

[0017] In anottier form of ttie invention, it is preferable ttiat ttie ttirottte controlling 
means be further adapted to (i) determine whettier ttie opening amount of ttie ttirottte 
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valve is changing across a predetennined range thereof, and (ii) prohibit the throtfle 
opening rate limitation if the opening amount is not changing across the predetermined 
range. 

[0018] The research of the inventors also revealed that dirottle inflow noise does not 
occur unless the throtUe opening amount is changing across a certain range. Therefore, 
the foregoing structure of the throttle system further improves the reUabiUty in avoiding 
the throttle opening rate being unnecessary Umited when no or almost no throttle inflow 
noise is likely to occur, and this leads to a further improvement in the effect of reducing 
throttle inflow noise while minimizing deterioration of the controllability of the engine 
output. 

[0019] A second aspect of the invention relates to a throttle system for an internal 
combustion engine, including a throttie valve, accelerating means operated by an operator 
t© adjust an engine output of the internal combustion engine, and throttle valve 
controlling means for controlling the throtde valve to open in accordance with die 
manner in which the accelerating means has been operated. Tlie throttle valve controlling 
«,po„c -^9C'jtss under given conditions a throttle opening rate limitation limiting a 
dirottic opening rate at which the throttle valve is opened, below a limit opening rate. 
Ftoher, in this throttle system, the throttle valve controUer is adapted to (i) determine 
whether the throttle opening amount is changing across a predetermined range thereof, 
:srl^ prohibit the dirottle opening rate limitation if the flirottle opening amount is not 
chguglsg across the predetermined range. 

[0020] A third aspect of the invention relates to a method for comroUing a throttle 
valve of an internal combustion engine. This method includes (i) executing under given 
conditions a throttle opening rate limitation limiting a throttle opening rate at which the 
throttle valve is opened, below a limit opening rate, and (ii) prohibiting the throttle 
apstm^rats limitation if an engine speed deteeicd at starting opening the (hrottle valve is 
above a prescribed ragine speed. 

^*mi\ A fourth aspect of the invention relates to a method for controlling a 
oa.^e valve of an internal combustion engine. This method includes (i) executing under 
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given conditions a throtfle opening rate limitation limiting a throttle opening rate at which 
the throttle valve is opened, below a limit opening rate, and (ii) prohibiting the throttle 
opening rate limitation if an opening amount of the throtUe valve is not changing across a 
predetermined range thereof. 



BRIEF DESCRIPnON OF THE DRAWINGS 

[0022] The foregoing and/or further objects, features and advantages of the invention 
will become more apparent fiom the following description of preferred embodiments 
with reference to the accompanymg drawings, in which Uke numerals are used to 
represent like elements and wherein: 

FIG 1 is a view schematically showing the configuration of a throttle system 
according to one exemplary embodiment of the invention; 

FIG 2 is a graph iUustrating a region in which throtde inflow noise occurs, defined by 
the values of engine speed and engine torque dslecisd at starting opening a throttle valve; 

FIG 3 is a graph iUustrating the relationship between the engine speed detected at 
starting opening the throttle body and the throttte angle at which throtUe inflow noise 
occurs while the throttle body is being opened; 

FIG 4 is a flowchart showing one cxeniplarj^ routine for determining whether to 
execute the throttle opening rats liSiitatiuii; 

FIG 5 is a flowchart showing one exemplary routine for limiting the throttle opening 
rate (i.e., throttle opening rate limitation); and 

FIG 6 is a timechart illustrating one example for explaining the operation of the 
throtfle control system of die exemplary embodiment. 



DETAILED DESCRIPTION OF THE PREP-ERRED EXEMPLARY EMBODIMENTS 
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[0023] Hereinafter, a throttle system for an internal combustion engine in accordance 
with one exemplary embodiment of the invention will be described with reference to the 
accompanying drawings. 

[0024] FIG. 1 is a view schematicaUy showing the configuration of the throttle 
system of the exemplary embodiment. Referring to FIG 1, the throttle system is provided 
with a throttle valve 10 disposed along an intake passage of die internal combustion 
engine (will be simply referred to as "engine"). The air drawn via an air duct, not shown, 
into the intake passage passes through a throtde body 11 of the throttle valve 10, a surge 
tank, and an intake manifold, both not shown, and is finally introduced into each 
combustion chamber. 

[0025] As well as the throttle body 11. the throttle valve 10 includes a throttle motor 
12 and a throttle sensor 13. The shaft of the throttle body 11 is coupled to the throttle 
motor 12, and the throttle sensor 13 is disposed near the same shaft. 

[002«»I The throttle motor 12 drives the throttle body 11 to change its angle (will be 
referred to as "throttle angle"). More specifically, the angle of the throttle body 11 is 
changed so as to adjust the sectional area of the intake passage and thus change the flow 
rate of the air flowing therethrough. Namely, this changes the rate at which aii is supplied 
to the engine. The throttle sensor 13 measures the angle of the throttle body 11 (throttle 
angle 9). 

^e27] The throttle system includes an ECU (Electronic Conti-ol Unit) 14 governing 
the operation of the throttle valve 10. The ECU 14 includes an CPU for executing various 
programs to control the throttle valve 10, a memory storing those programs, input and 
output communication ports each outputting or receiving various signals fi-om/to external 

[0028] In this exemplary embodiment, as well as the throttle sensor 13, the throttle 
system includes various other sensors, such as an engine speed sensor 15 for detecting the 
speed of the engine (engine speed NE) and an accelerator sensor 13 for detecting die 
tmnwn an accelerator 17 is operated by an operator (accelerator operation amount 
ACCP). Such sensors are all connected to the above-stated input communication port of 
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the ECU 14 so that the ECU 14 receives signals from them. The output communication 
port of the ECU 14, on the other hand, is connected to the throttle motor 12 so that the 
ECU 14 controls the throttle valve 10. 

[0029] In operation, the ECU 14 computes a target throtfle angle 9 based on the engine 
speed NE detected via the engine speed sensor 15 and the accelerator operation amount 
ACCP detected via the accelerator sensor 17. Then, the ECU 14 controls the throttle 
motor 12 such that the actual throttle angle 9 matches the target throttle angle 9t 
computed. In this exemplary embodiment, the throttle angle 9 (i.e., rotational angle of the 
valve shaft of the throttle body 11) is 0 degree when the throttle body 11 is fidly closed 
and increases as the throttle body 11 rotates from that closed position. 

[0030] The inventors of the present invention conducted a research regarding throtde 
inflow noise caused by the throttle angle being changed, and tiiey discovered that throttle 
inflow noise dose not always occur when the throttle angle changes quickly unless some 
other conditions are also satisfied. More specifically, throtfle inflow noise does not occur 
unless the throtfle body 11 quickly opens where flie engine speed (engine speed NE) is 
below a prescribed speed (engine speed NEl) (condition A) and tfie engine torque 
(engine torque TR) is below a prescribed toque TRl (condition B). 

[0031] FIG 2 is a graph illustrating a region in which occurrence of tfirotfle inflow 
noise has been acknowledged during the research, which is defined by the engine speed 
NE and tfie engine torque TR detected at starting opening flie throtfle body 11. In FIG 3, 
the curve WOT represents the maxamim lvalue of the engine toque TR that is correlative 
with the engine speed NE. 

[0032] As evident from tiie graph, wbeflier fln-otfle inflow noise occurs largely 
depends on flie values of the engine speed NE and engine torque TR at starting opening 
flie flirotfle body 11. That is, flnxjtfle inflow noise does not occur unless flie flirotfle valve 
quickly opens wifli tiie above conditions A, S bofli satisfied, i.e., with the engine speed 
NE being below NEl and flie engine tonjue TK Demg below TRl . 

[0033] For example, flie magnitude of tiie engine torque TR generated at a specific 
engine speed may be obtained as a function of flie flirotfle angle 0. In tiiis case, flierefore. 
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the above-stated condition B may be modified to "throttle angle 9 is below a 
predetermined angle Gl" (condition B*). 

[0034] In the case of the internal combustion engine used in this exemplary 
embodiment, according to the result of the research, throttle inflow noise occurs when the 
5 throttle body 11 quickly opens at an engine speed (NE) lower than 3000 rpm and a 
throttle angle (9) smaller than 9 degrees. 

[0035] FIG 3 is a graph illustrating the relationship between the engine speed NE 
detected at starting opening the throttle body 11 and the throttle angle 9 at which throttle 
inflow noise occurs while the throttle body 11 is opening. In this graph, the solid line 
10 curve represents the throttle angle 9 at which throttle inflow noise occurs when the 
throtfle body 11 quickly opens from the folly closed position, whereas the dotted line 
curve represents the throttle angle 9 at which throttle inflow noise occurs when the 
throtde body 11 quickly opens where the engine torque (TR) is at its upper limit value 
within a range causing throttle inflow noise. 
15 (003<0 Referring to FIG 3, even if the throttle body 11 opens where the above-stated 
conditions A, B are both satisfied, throttle noise will not occur unless the throttle angle 9 
is within a specific range thereof. That is, throtfle inflow noise only occurs when throtfle 
angle 9 is changing across a range from a lower Umit angle 9a to a upper limit value 9b, 
and this range of throtfle angle 9 wiU hereinafter be referred to as "noise range." In this 
exemplary embodiment, the lower limit angle 9a is 20 degrees while the upper limit angle 
9b is 30 degrees. 

[00371 As described above, throtfle inflow noise only occurs under such specific 
conditions. Thus, the noise can be reduced sufficienfly even if the opening rate of the 
flirotfle body 11 is limited to a limit value only when those conditions have been satisfied. 
By thus restricting limitation of the flirotfle opening rate, it is possible to avoid 
deterioration of flie controllability of the engine output which may otherwise be caused 
by the throtfle opening rate being limited unnecessarily. 

10038J To avoid such unnecessary limitation of the throtfle opening rate, tiierefore, 
die ECU 14 determines wheflier to execute the flirottle opening rate limitation as follows. 
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Hereinafter, a control executed by the ECU 14 to limit the opening rate © of ihe throttte 
body 11 below a specific limit value will be referred to as "throttle opening rate 
limitation". First, the ECU 14 determines if conditions a, b have been satisfied. The 
condition a requires the engine speed NE detected at starting opening the throtUe body 11 
be less than a prescribed engine speed NEl which is, for example, set to 3000 rpm. The 
condition b requires the throttle angle 6 detected at starting opening the throttle body 11 
be smaUer than a prescribed angle 81 which is, for example, set to 9 degrees. If either 
condition is not satisfied, the ECU 14 prohibits the throttle opening rate limitation. 

[0039] In addition, the ECU 14 also determines if the manner in which the 
accelerator 16 has been operated requires the throttle body 11 to open quickly. At this 
time, the ECU 14 refers to changes in the accelrarator operation amount ACCP. Through 
such determination, it becomes clear whether the throttle body 11 is required to open 
quickly. If not, the ECU 14 prohibits the throttle opening rate limitation. 

[0040] In this exemplary embodiment, the ECU 14 determines whether the throttle 
body 11 is required to open quickly by evaluating conditions c, d. The condition c 
requires that a target throttle-open angle AGt be above a prescribed angle AOl, while the 
condition d requires a target throttle opening rate <ot be above a prescribed rate col. The 
target throtUe-open angle AOt is an angle by which the throttle body 11 is required to 
open, and this angle is determined based on the manner in which the accelerator 16 has 
been operated. Likewise, the target throttle opening rate cot is a rate at which the throttle 
body 11 is required to open, and this rate also is determined based on the same manner. 
The manner in which the accelerator 16 has been operated may be defined by, for 
example, tiie amount or rate of increase in the accelerator operation amount ACCP, and 
will be referred to as "accelerator operation manner" where appropriate. 

[0041] As aforementioned, the ECU 14 does not cany out the throttle opening rate 
limitation if the throttle angle 6 detected at starting opening the throttle body 11 is- below 
the prescribed angle 91 (condition b). Along with this, the ECU 14, when evaluating 
condition c, determines whether the target throttle angle 0t is above a prescribed throttle 
anglee2(=01 +Aei). 
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[0042] Even if the above conditions have been all satisfied, however, the ECU 14 
does not cany out the throttle opening rate limitation, namely does not limit the opening 
rate © to a limit opening rate a>2 unless the throttle angle is within the above-stated noise 
range (0a < 0 < 0b). That is, the ECU 14 simply opens the throtfle body 11 at a rate 
required by the accelerator operation manner regardless of whether the conditions a, b, c, 
a have been aU satisfied if the throtfle angle 0 is out of the noise range. The limit opening 
rate cd2 may preferably be set as large as possible within a range where throtfle inflow 
noise can be reduced to an allowable level. 

The flowchart of FIG 4 represents one exemplary routine executed by die 
ECU 14 to determine wheflier to execute die throtfle opening rate limitation. The ECU 14 
repeats this routine as a subroutine at predetermined intervals. 

r0044] Referring to FIG. 4. flie ECU 14 first determines in step SlOO wheflier flie 
target flirotfle angle 0 is larger tiian flie present tfirotfle angle 0. This step refers to 
whether the throtfle body 11 is now required to open. 

[0045] If NO in step SlOO, namely if it is required to close or maintain flie flirotfle 
Ko^^r 11 the ECU 14 then resumes a normal flirottle control in step S140 so fliat flie 
presciit flirotfle angle 0 will be maintained or reduced as needed. In fliis normal flirotfle 
control, flie ECU 14 simply controls flie tiurotfle angle 0 in accordance wifli flie 
accelerator operation manner. 

:204&j If YES in step S 100, namely if it is now required to open flie flirotfle body 1 1, 
the ECU 14 flicn executes steps SI 10 to 130 to see if each of flie conditions a, b, c, d is 
^trtisaed. Here, step SllO determines wheflier flie engine speed NE is below flie 
prescribed speed NEl (condition a), and step S120 determines wheflier tiie flirotfle angle 
0 is below flie prescribed angle 01 (condition b), and step S130 determines wheflier flie 
target flirotfle angle 0t is above flie prescribed angle 02 (condition c) and wheflier flie 
targrc opening rate cot of flie flirotfle body IS is above (he prescribed rate ©1 (condition 
d). 

■■-^9^1 It any one of flie above conditions is not satisfied, flie ECU 14 proceeds to 
S 140 to resume flie normal flirotfle control. When tiie conditions have aU been 
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satisfied, conversely, the ECU 14 then proceeds to step S150 to cany out the throttle 
opening rate limitation, as will be described later. 

[0048] The flowchart of FIG 5 represents one exemplary routine of the throtUe 
opening rate limitation. Referring to FIG. 5, the ECU 14 first determines in step S200 
whether the present throttle angle 9 detected via the throttle sensor 13 is within the noise 
range (Ga < 9 < 9b). If YES, the ECU 14 tiien determines whether Ae target throttte 
opening rate ©t is above the limit opening rate a)2. 

[0049] If the ECU 14 detennines "NO" in either step above, it proceeds to step S230 
and sets the throttle opening rate a, to the required opening r^te a,t. If the ECU 14 
determines "YES" in both steps, conversely, it proceeds to step S220 and sets the throttle 
opening rate <o to the limit opening rate o2. 

[0050] After the throtfle opening rate to has been set as above, the ECU 14 finishes 
the routine temporarily and drives the throttle motor 12 such that the throttle body 11 
opens at the throttle opening rate to thus set. 

[0051] PIG 6 is a timechart illustrating one example for more clearly explaining the 
operation of the throttle control system of the ^v.^p,a^ embodiment. In this example, 
the accelerator 16 is first operated at time tl thus requiring the throttle body 11 to open. ' 

[0052] This example starts firom time tl where the engine speed NE is below the 
prescribed speed NEl (condition a satisfied) and the throttle angle 9 is below the 
prescribed angle 9 (condition b satisfied). First, the accelerator 16 is operated at time tl in 
a manner satisfying the above-stjaad cosdMoas. c, d. 

[0053] Subsequently, the throttle angle 9 starts increasing at time t2 in response to 
the accelerator 16 operated from time tl. At this ume, the throtUe angle 9 changes at a 
rate corresponding to the accelerator operation manner. 

[0054] Then, in response to the throttle angle G reaching the lower limit of the noise 
range at time t3. the throttle op««,g ,ate a, ftei. timitcd tu &e hnut opening rate a,2. 
•mis limitation of the throttle opening rate co conmiues until the throttle angle 9 exceeds 
the upper limit of the noise range at time t4. 

[0055] At time t4, the throtde opening rate «, is again increased at a rate 
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coiresponding to the accelerator operating maimer, and the throttle opening rate co thus 
increased is maintained until the throtfle angle 8 reaches the target throttle angle Qt at 
timetS. 

[0056] Below are described advantages obtained with the throtUe system described 
above: 

(1) Since limitation of the throtde opening rate © is prohibited when the engine speed 
NE is above the prescribed speed NEl, the throttle opening rate co is not unnecessarily 
limited when throtde inflow noise is not likely to occur. Thus, it is possible to 
adventurously avoid throttle inflow noise while minimizing deterioration of the 
controllability of the engine output. 

(2) Since limitation of the throttle opening rate co is carried out only when the engine 
speed NE is below the prescribed speed NEl and the throttle angle 9 is smaller than the 
prescribed angle 61 (i.e., the engine toque TR is small). This improves the advantage of 
avoiding unnecessary ILtmtation of the throtde opening rate. 

(3) Limitation of the throttle opening rate co is also prohibited when the required 
throttle open angle AG is below the prescribed angle AGl and the target throtde opening 
rate o is below the prescribed openmg rate ©1. In this way, Umitation of die throttle 
opening rate © is avoided in the case where die tfnrotde body 11 is to be slowly opened 
and dius no or ahnost no throtde inflow noise will occur. This leads to a fiuther 
isapr^yement in the effect of avoiding unnecessary limitation of die throttle opening rate. 

(4) Limitation of die dirottle opening rate © is also prohibited unless die dirotfle angle 
9 is changing across die noise range (9a < 9 < 9b), in odier worfs. This leads to a fiather 
improvement in die effect of avoiding unnecessary limitation of die dirottie opening rate. 

peSTi Hereinafter, some examples of modifications which may be made to die 
throtde system of the above exemplary embodiment will be described. 

(a) While die ECU 14 makes die determination as to die engine torque TR by refeiring 
to die dirottie angle 9 in step S120 of FIG. 4, die ECU 14 may instead refer to odier 
'ia'^.oeter diat is correlative to the engine torque TR, 

(b) While die ECU 14 makes die determination in step S130 of FIG 4 based on die 
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required throttle-open angle AG and the target throttle opening rate ©t, it may instead use 
other parameters as long as whether the throttle body 11 is required to open quickly can 
be appropriately determined. For example, the accelerator operation amount ACCP or the 
increase amount or rate of the target throtfle angle Gt may be utilized as such parameters. 
5 (c) WhUe the ECU 14, in the procedure shown m Fia 5, cairies out limitation of the 
throttle opening rate only when the throttle angle G is changing across the noise range, 
other condition for carrying out the limitation may be appUed. That is, throttle inflow 
noise can be reduced while avoiding unnecessary limitation of the dirottle opening rate if 
execution of the throttle opening rate limitation is restiicted according to specific 
10 conditions determined using the engine speed NE detected at starting opening the throttle 
body 11, etc. 

(d) The ECU 14 may skip step S130 of FIG 4. Even in this case, since the throttle 
opening rate limitation is prohibited depending on the engine speed NE and the throttle 
angle 6 as described above, unnecessary limitation of the throttle opening rate is 

15 advantageously avoided. 

(e) The ECU 14 may skip step S120 of FIG 4. Even in this case, since the throttle 
opening rate limitation is prohibited depending on the engine speed NE and the necessity 
to open the throttle body 11 quickly, unnecessary limitation of the throttle opening rate is 
advantageously avoided. 

(f) The ECU 14 may skip both the above two steps. Even in this case, since the throttle 
opening rate limitation is prohibited d^3«Kling on the engine speed NE, unnecessary 
limitation of the throttle opening rate is advantageously avoided. 

(g) The ECU 14 may skip the whole routine shown in FIG 4 and only execute the 
routine shown in FIG 5. Even in this case, since limitation of the throttle opening rate is 
prohibited unless the throttle angle G is within the noise region, it is possible to reduce 
throttle inflow noise whUe avoiding xmncctssmy limitation of the ihrotUe opening rate 
which may lead to deterioration of ttie conttx)liaDility of the engine output. 

[0058] While the invention has been described with reference to preferred 
embodiments thereof, it is to be understood that the invention is not limited to the 
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preferred embodiments or constructions. To the contrary, the invention is intended to 
cover various modifications and equivalent arrangements other than described above. In 
addition, while the various elements of the preferred embodiments are shown in various 
combinations and configurations, which are exemplary, other combinations and 
configurations, including more. less or only a single element, are also within the spirit 
and scope of the invention. 



